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1 
This invention relates to improvements in the 
apparatus for the analytical fractionation of vol- 
atile ]iquids and of gases or vapors containing 
condensible liquid fractions. The fractionating 
column of this invention is an improvement over 
those disclosed in my Patents Nos. 1,917,272, 
granted July 11, 1933; 2,275,648, granted iVIarch 
10, 1942; and 2,342,30ô, granted February 22, 
1944. 
In the fractionating columns of the prior srt, 
particulariy the ]ow temperature fractionating 
colums used to obtin precise fractional dis- 
tillations for analytica] purposes, a single ther- 
mocouple is usually positioned in a Xed location 
in the reflux portion of the column to indicate 
the condensing temperature of the vaporous 
products leaving the column. This location is 
approximately ai the region of the uppermost 
vapor condensation ring in the sample being dis- 
tilled and, therefore, the thermocouple supposed- 
]y indicates the temperature of the vapor leaving 
the coiumn. 
If is very diflcult to stabflize the location of 
this vapor condensation ring. If bas been round 
that this ring tends to wander above and below 
the usual fixed location single thermocouple, with 
changing column conditions, over a range of as 
much as 2 fo 3 inches, depending on the sharp- 
ness of the break between the constituents of the 
sample being distflled, the distillation rate, etc. 
Because of this no single stationary thermocouple 
can follow all "breaks" accurately, with the 
sult that the liquid boiling temperature readings 
are not uniforrnly accurate. While error in tem- 
perature recordings due to the wandering of this 
condensation ring can be minimized by close con- 
trol of the operating conditions of the column, if 
cannot be entirely e]iminated and it crops up in 
most analysis results, especially in the case of 
sma]l percentages of the lowest bofling compo- 
nent, as of propane, for example, in a cracked 
C fraction, etc. Since a low-temperature column 
may operate on very small samples, a shift or 
wandering of the condensation ring of as little 
as about  inch may represent a change in the 
supposedly constant ho]dup above the thermo- 
couple of about 6 cc. of vapor., or a possible error 
of about 0.1 fo 0.3%, depending on the size and 
composition of the sample. 
Up to the present rime the attempts fo stabilize 
the wandering condensation ring fo remove this 
error bave not given satisfactory results. In ac- 
cordance with the present invention I bave round 
a positive solution fo this problem in the use of 
at ]east khree independet hermocouples, spaced 
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2 
at about % inch intervals in the reflux portion 
of the column fo encompass the maximttm usual 
wanderir of the uppermost vapor condensation 
ring. A conventional, flxed location, independent 
5 thermocouple may be used in the fractionating 
column of my invention, as beïore, to control the 
rate of distillation; the other independent ther- 
mocouples in accordance with the present in- 
vention, however, are used in connection with 
10 a temperature recorder, preferably a highlysen- 
sitive temperature recorder such as an electronic 
potentiometer recorder, and with other appa- 
ratus, to yield a multiple record of temperature 
against pressure, thereby obtaining a retapera- 
15 ture-pressure distillation curve of the sample 
undergoing distillation, as described in my above- 
mentioned patents and in my Patent No. 2,009,- 
814, granted July 30, 1935. This curve (Fig. 4) 
is i.1 the form of a wide hand or ribbon and the 
20 upper edge (indicated by the arrow) of the band- 
like curve is the locus of the lowest reflux tem- 
perature, no marrer which thermocouple indi- 
cates it, and correctly foltows the temperature ai 
the uppermost llquid condensation ring. 
25 The fractionating column of my invention will 
be readily understood from the following detailed 
description of an fllustrative embodiment thereof 
shown in the drawings in which the conven- 
tional flXed location thermocouple fo control the 
30 rte of distillation is included with the plurality, 
at least three, of thermocouples which encom- 
pass the range of the wandering of the upper- 
most vapor condensation ring. It is, of course, 
fo be understood that my invention is not fo be 
5 construed as llmited to he details of the illus- 
trative embodiment since these detafls may be 
varied without departing from the scope of my 
invention as defined in the appended claires. 
Thus, for example, the conventional, fixed loca- 
l0 tion, independent thermocouple may be elimi- 
nated as hereinafter described. 
leference is ruade to the accomp.anying draw- 
ings wherein: 
Figure i is an enlarged detailed, broken longi- 
5 tudinal section through the lower portion of an 
illustrative fractionating column, with parts in 
elevation and broken away fo show the colu_rn.n 
packing; 
Fig. 2 is a similar view of the upper portion 
50 of the column, sh0wing the thermocouples .em - 
bodying the novel feature of tuf invention; 
Fig. 3 is a diagrammatc representation of the 
thermocouples and of a rotting c0mmutating 
swit.ch for successively connecting the .additional 
5 thermocouples t0 a ecordi_ng device; and 



4 
in the vessel 29 and then escapes through vent 
39. In the event itis desired to eirculate liquid 
air vapors throughout the length of the tube dur- 
ing operation in accordance with the present in- 
5 vention, vent 35 may be plugged or even dispensed 
with and an opening provided in the wall oï vessel 
29 adjacent the tube to establish communica- 
tion between the vessel and Space 30. The 
porized liquid air will then flow ttrough space 42 
l0 between tube |2 and the inner wall of vacuum 
jacket 4 to the bottom thereof, ïormed by plug 
or gasket 44, and then out through vent tube 45. 
So much of the ïractionating oolumn described 
above is substantially similar to the fractionating 
15 column shown and described in my Patent 
2,275,648. 
The effectîve length of the distilling tube wh|ch 
may be used in accordance with the present in- 
vention may be in the order oï about 48" to about 
20 60" and ifs internal diameter in the order of 
about preferably, 6.3 mm. to 8 mm., for low boil- 
ing point samples wh|ch are usually distilled in 
low-temperature fractionating columns. For 
samples wh|ch are normally liquids at room rem- 
25 perature, considerably larger tubes may .be em- 
ployed, for example, tubes having an internal 
diameter even up to about I", or more if round 
desirable. The relatively large diameter tubes in 
accordance with the present invention, either for 
30 low boiling point or high boiling point samples, 
are necessary in order to accommodate a tube 
core 40 having a packing 4 wrapped around it. 
Tube core 45, of stainless steel or other cor- 
rosion resistant alloy, is suspended from a hollow 
35 globular-shaped glass member 48 which may be 
removably joined in an air-tight fit to portion 
of tube | 2 by a su|table rubber connection 40. The 
tube cote extends axially through member 40 and 
is secured and sealed thereto, as by a cernent joint 
 or plug 59 wh|ch attaches the tube cote adjacent 
its open end to the wa]Is of member 49. As shown 
in the drawings, tube core 46 extends throughout 
the length of tube |2 and ifs closed lower end 
terminates approximately at the juncture between 
the tube and distiliing bulb | 8. 
45 Tube core 46 may bave, for example, an outside 
diameter in the order of about 6 to 8 mm. and the 
wall thereof a thickness, for example, in the order 
of about 0.005 inch to 0.010 inch. Before inserting 
tube core 49 into tube | 2, the packing 4 is wound 
50 about the tube core and the composite structure 
so formed is inserted into the tube. The method 
of making this packing is described in my Patent 
Io. 2,332,110, granted October 19, 1943. As is 
man|lest ïrom the drawing, packing 4 extends 
55 between a point slightly below the cooling vessel 
29 and the top of distilling bub |9, but if may 
extend upwardly in the tube to any desired extent. 
Packing 4 may be, suitably, in the form of a 
coil or coils of small wires, or of a closely spaced 
60 
wired structure, as in my Patent No. 2,275,648, or 
it may bave any other su|table form. I prefer, 
however, that the packing be in the form described 
and claimed in my Patent No. 2,332,110, and par- 
5 ticularly as shown in Fig. 23 of that patent. 
The preferred form of packing in accordance with 
my invention may be wound about the tube cote 
and inserted in the tube and then treated to form 
the packing, all as described in my Patent 
70 2,32,110. The packing serres to bring about a 
more extended and intimate surface contact of 
the downwardly flowing reflux liquid with the 
vapors rising from the distilling bulb. The. pack- 
ing of.. my Patent No. 2,332,110 is preferred be- 
7 cause it appears tobe the most effective packing 

2602046  " " ' 
3 

Fig. 4 is an illustrative temperature-pressure 
distillation curve of a sample distilled with the 
column of the present invention in accordance 
with the procedures described in my above-men- 
tioned patents; the exact sequence and location 
of the îecorded individual temperatures not being 
precJsely drawn. 
Referring more particularty to the drawings, 
there is shown a fractionating column wh|ch, ex- 
cept for the additional, independent thermo- 
couples embodying my invention and the pack- 
ing, is substantially similar te the column shown 
in my Patent No. 2,275,648. Vhile the present 
invention is illustrated in connection with a pre- 
ferred fractionating column, it is not limited 
thereto since the additional thermocouples may 
be incorporated in any analytical fractionating 
column, in the columns of my prior patents above 
referred to, ïor example. 
The fractionating column structure illustrated 
comprises a distilling tube 2 surrounded by an 
evacuated jacket member | 4, both formed of a low 
expansion heat-resistant glass such as "Pyrex," 
or other su|table mater|al, and a metallic reflec- 
tor member |6 which is mounted between the 
spaced walls of the jacket member and wh|ch 
extends substantially throughout the length 
thereoL The lower end of the distflling tube is 
eniarged to orm a distilling bulb 8 and the up- 
per end of the tube extends through a stopper 
of rubber or rubber-like mater|al, wh|ch plugs the 
opening at the top of the column, and out through 
the column as at 2|. A sample inlet tube 22 of 
glass or other su|table mater|al extends into the 
bulb  8, and a tube 2 o£ simflar mater|al serres fo 
establish communication between the bulb end a 
mercury bottle (hot shown) and between the bulb 
and a graduated receiver (hot shown), as fully 
described in my Patent No. 2,342,366. 
Heat may be supplied to the sample in the 
bulb by means of a metal-clad, cartridge-type 
electric res|stance heater 24 which extends into 
an "off-centered" glass heater well 25 formed in 
the bottom of the bulb. The outrent supply 
wires 29 of the heating element lead to a con- 
ventional rheostat 2 wh|ch may be controtled to 
regulate accurately the heat input. Obviously, 
any other su|table heating means may be em- 
ployed for this purpose. 
In the upper portion of the column, immedi- 
ately beneath stopper 29, a double-walled .nnu- 
lar metallic vessel 20 surrounds tube |2 and is 
spaced thereïrom as at 0. The vessel is sup- 
ported in the position shown by a su|table in- 
sulating mater|al such as glass wool  wh|ch 
surrounds the tube and tests on a shoulder 2 
formed in the inner wall of vacuum jacket |4. 
IAquid air is introduced into vessel 29 from a 
thermos bottle 34 through a vacuum-jacketed, 
silvered tube 35 wh|ch extends through stopper 2{} 
and into the mouth of the vessel. The liquid air 
serves to cool the vessel and, in turn, tube |2 fo 
condense vapors therein and provide reflux. Ehe 
liquid air vaporized in the vessel is vented through 
a tube 39 wh|ch extends ïrom the vessel through 
the stopper. The supply of liquid air to the 
vessel may be manually controlled, as by a hand- 
operated valve 38 in a compressed air supply line 
30 leading to a su|table compresser; or it may be 
controlled automatically as described in my 
Patent No. 2,275,648. A valve-controlled vent 
tube 40 is provided to vent the compressed air 
from thermos bottle 34 to the surrounng space. 
In the operation: of the fractionating column 
shown herein, the vaporized liquid air circulates 
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for bringing about this extended and intimate 
contact of liquid and vapors. 
Under normal conditions of distillation, the 
vapors rising out of the distfllation tube are per- 
mitted to pass continuously through the hollow 
portion of member 48 surrounding the tube, then 
to a line 52 for disposition or collection, as de- 
sired. For example, line 52 may be connected to 
a manifold and, in turn, fo an automatic dis- 
filiation control apparatus as described in my 
Patents Nos. 1,96ï,.58 and %.75,648. A manually 
operated valve 53 in line 52ïs provided to enable 
the operator fo close in the column so that it 
operates under total reflux and establishes equi- 
librium conditions within the column. This is a 
desirable procedure to follow before initiating 
distillation. 
The condensing temperature of the vaporous 
product leaving the column during distillation bas 
been indicated and the rate of distillation con- 
trolled in the past, as in my above-mentioned 
patents, by a thermocouple located in the reflux 
portion of the column at the approximate posi- 
tion of the uppermost portion of the liquid con- 
densation ring. A similar thermocouple within 
tube cote S, ,with its junction "O" in the saine 
approximated position, may be used in the column 
of my invention, but only, however, to control 
the rate oî distillation. The condensing temper- 
ature of the vaporous product is indicated and 
determined by means of additional independent 
thermocouples, spaced at about % inch intel-¢als, 
preferably above and below thermocouple "O", fo 
encompass the maximum usual wandering of the 
vapor condensation ring. In the drawings there 
are shown six such additional thermocouples, the 
junctions thereof being numbered l, 2, 3, 4, S 
and 6. If is fo be understood that the number 
of such additional theïmocouples may be in- 
creased or decreased, as desired, but there must 
be a minimum of three thermocouples. The con- 
venti0nal, flxed location thermocouple junction 
"O" is preferably located in the approximate 
center of the usual range of travel of the wander- 
ing vapor condensation ring, and in the drawings 
if is located between the additional, independent 
thermocouple junctions 3 and 4; however, if may 
be otherwise positioned in the region of the 
wandering condensation ring. 
Each of the thermocouple junctions "O", l, 2, 
$, 4, 5 and 6 are of the conventional single-junc- 
tion type and consist of a copper wire and a 
constantan wire for low-temperature operatlons, 
and of other suitable metals for high-tempera- 
ture operations. The free ends or leads of the 
thermocouples extend outwardly from the tube 
cote and are connected fo the terminals of re- 
cording potentiometers. The thermocouple leads 
5} (Fig. 3) from junction "O" are connected in 
the conventional manner fo a distillation control 
apparatus, as in my Patent No. 2,275,648, for 
example, and the rate of distillation may be con- 
trolled by this thermocouple as described in this 
patent, for example. The thermocouple leads 
from the additional thermocouples are connected 
to an independent potentiometer recorder, pref- 
erably a very sensitive instrument such as an 
electronic potentiometer recorder, through a ro- 
tating commutating switch, which serres fo 
record, successively, the temperature at the 
thermocouple junctions, from  fo l, in the illus- 
trative embodiment shown. 
The commutating switch is diagrammatlcally 
illustrated in ig. 3 o£ the drawings. It is con- 
structed and operated to establish an electrical 

connection of the hot arïd cold junctions of each 
of the thermocouples, in succession, with the 
potentiometer recorder, thereby successively ira- 
pressing across the potentiometer of the recorder 
5 the voltage developed by the thermocouples and 
recording the corresponding temperatures. 
As illustrated, the commutating switch com- 
prises a pair of supporting plates of suitable in- 
sulating material. Supporting plate 82 carries 
10 continuous annular contact member 6 of con- 
ducting material such as copper or brass and in a 
concentric ring, a series of segments 64, one such 
segment being provided for each of the thermo- 
couples ! to 6. One lead from each of the ther- 
15 mocouple junctions within the column is con- 
nected fo each of the segments. The other leads 
are connected fo the corresponding cold junctions 
(packed in ice) in the usual manner. 
The second supporting plate 6 likewise carries 
20 a continuous annular contact plate 66 and a con- 
centric ring ruade up of the separated segments 
6ï, which likewise correspond in number to the 
number of thermocouples and each of which is 
connected electrically to its corresponding cold 
25 junction. 
A rotating shaft 68 is mounted with its axis 
joining the centers of the concentric contact 
members on each of the supporting plates 2 and 
6, and this shaft carries two arms 66 and 
30 which support respectively the brushes ïl and 
72, which bridge the contact members on the 
respective plates and make an electrical con- 
nection between them. The arms 68 and ]} on 
the rotating shaft 68 are so positioned with re- 
35 spect to each other that the segmental contact 
members 64 and ] on the wo supporting plates, 
corresponding to a particular thermocouple and 
its cold junction, are simultaneously contacted. 
The solid annular contact members 6 and 6 
40 are connected fo the terminals of the tempera- 
ture recorder through leads ]4. Thus it will be 
apparent that at regular intervals in the rota- 
tion of the shaft 8, a complete electrical con- 
nection will be ruade between each thermocouple, 
45 ifs corresponding cold junction and the temper- 
ature recorder so that the voltage developed by 
the thermocouple wi!l be impressed across the 
potentiometer or other device employed in the 
temperature recorder and thereby cause the cor- 
5O responding temperature fo be recorded. 
In the position illustrated in Fig. 3, the com- 
mutating switch is shown in position for record- 
ing the temperature of thermocouple No. . One 
lead of the No. 5 thermocouple in the column is 
55 connected fo the segmental contact 64 bearing 
the number  on the supporting plate 62 of the 
switch. The brush I! makes an e!ectrical con- 
nection between this segmental contact plate and 
 the solid annular contact plate on the saine sup- 
60 porting plate, which is in turn connected to the 
temperature recorder. The other lead from the 
No.  thermocouple in the column passes to the 
corresponding cold junction and from it a con- 
nection is ruade fo the segmental plate 6ï, also 
65 bearing the number 5, mounted on the other 
supporting plate 5. The brush ]2 on the other 
supporting arm ]} makes a connection between 
segmental contact plate 6] and the solid annular 
contact plate  on the saine supporting plate, 
7O and from the latter contact plate a connection 
is marie to the other terminal of the tem»erature 
recorder. 
The rotating shaft 6 and the arms 69 and 
carried by it are rotated by a motor ï, preferably 
75 of the constant speed type, through suitable gear- 



ing, at a slow rate, say 1 to 2 R. P. M., the con- 
necion between each thermocouple and the re- 
corder thus being ruade for a suf[icient length of 
rime to permit the recorder to properly record 
the temporature corresponding fo each individual 
thermocouple in the column. As the shaft 68 of 
the commutating switeh rotates, the temperature 
of each of the couples is successively recorded 
by the recording instrtunent, developing a curve 
from which the minimum temperature within the 
zone encompassed by the thermocouples is clear- 
ly indicated. 
In Fig. 4 there is shown a typical distfllation 
curve of a cracked C sample run at about S00 
mm. absolute pressure, as obtained with the frac- 
tionating column of my invention operated in ac- 
cordance with the teachings of my application 
Serial No. 598,379, flled on even date herewitho 
and my Patent No. 2,275,648. This curve is a con- 
tinuous record of the E. M. F. of the six copper- 
constantan thermocouples, ea.ch recorded con- 
secutively for a ten second interval, for example, 
against the pressure fise in the distfilate re- 
ceivers (hot shown), as described in my Patent 
No. 2,275,648. The locus of the lowest tempera- 
tures recorded during each cycle (which is one 
minute for the six thermocouples in the illus- 
trative case) against the pressure fise in the dis- 
tiltate receiver may be considered to be the cor- 
rect distfllation curve. This is the envelope on 
the left side of the curve, as viewed in the draw- 
ing vith the arrow pointing fo the right. The 
distance between the left hand envelope and right 
hand envelope of the curve, measured perpendic- 
ularly fo the direction of chart travel on the 
recording device, is approximately the "spread" of 
the thermocouples or the difference between the 
lowest and highest temPerature recorded du_ring 
one complete cycle of the switch. 
In the hereinabove described illustrative em- 
bodiment of my invention, a flxed location, inde- 
pendent thermocouple is used to control the rate 
of distillation. The use of this flxed location 
thermocouple is hOt essential, however. If there 
is no automatic control of the distillation rate by 
a thermocouple the column may be operated at a 
fixed rate, or a variable rate dependent on the 
judgment of the operator. 
In a low temperature fractionating column the 
vapors above the uppermost vapor condensation 
ring almost immediately superheat from thermal 
conduction from room temperature and, there- 
fore, the uppermost vapor condensation ring is 
the lowest temperature in the column reflux zone. 
The saine situation may exist in many designs 
of high ternperature ïractionating columns where 
the product boiling point is above room tempera- 
ture, but portions of the column reflux above the 
normal uppermost vapor condensation ring are 
higher than the product boiling point, thus lead- 
ing to superheating of vapor above the uppermost 
vapor condensation ring. In co.nsequence, by pro- 
viding three or more independent thermocouples 
in the region oî the condensing temperature of 
the vapors leaving the column and encompassing 
the range of the wandering of the uppermost 
vapor condensation ring, I ara enabled fo ob- 
tain a more nearly accurate record of the tem- 
perature of the uppermost vapor condensation 
ring by taking the readings of the lowest tempera- 
ture thermocouple, whichever it may be, than 
by following the readings of any one flxed loca- 
tion thermocouple or a group of fixed location 
thermocouples arranged in parallel. 

I claim: 
1. In apparatus for precise fractionatlon, a 
fractionating column having a reflux condensing 
zone including a varying minimum temperatm'e 
5 point of vapor condensation, at least three spaced 
independent thermocouples within said reflux 
condensing zone in the region of said minimum 
temperature point and means for successively 
and cyclicly recording the temperatures indi- 
le cated by said thermocouples fo thereby deter- 
mine and record the minimum temperature with- 
in said reflux condensing zone. 
2. In apparatus for precise fractionation, a 
fractionating column having a reflux condensing 
15 zone including a varying minimum temperature 
point of vapor condensation, a thermocouple 
within said zone, means operable from said 
thermocouple for controlling the rate of distilla- 
tion within said column, a plurality of spaced 
20 independent thermocouples within said reflux 
condensing zone in the region of said minimum 
temperature point, and means for successively 
and cyclicly recording the temporatures indicated 
by said independent thermocouples te thereby de- 
25 termine and record the minimum temperature 
within said refluxing condensing zone. 
3. In precise fractionation apparatus, a frac- 
tionating column, means for applying cooling ad- 
jacent the top of said column fo form a reflux 
30 condensing zone including a varying minimum 
ternperature point of vapor condensation, a 
thermocouple within said zone in the region of 
said minimum temperature point, means oper- 
able .rom said thermocouple fo control the cool- 
35 ing means, thereby controlling the rate of dis- 
tfllation from said column, a plurality of inde- 
pendent spaced thermocouples within the reflux 
condensing zone in proximity fo said control 
thermocouple and positioned above and below if, 
40 and means for successively and cyclicly record- 
ing the temperatures indicated by said independ- 
ent thermocouples to thereby determine the 
minimum temperature within said reflux con- 
densing zone in proximity fo said control thermo- 
45 couple. 
4. In apparatus for determining and recording 
conditions in analytical distfllation apparatus 
having a fractionating column supplied with 
vapors ai its lower end and cooled ai its upper 
5o end, with vapor exit means at its upper end, said 
column having near its upper end a minimum 
temperature point of vapor condensation sus- 
ceptible of variation within a limited region, a 
p!urality of spaced independent thermocouples 
55 within the region of variation of said minimum 
temperature point and means for successively 
and cyclically recording the temperatures indi- 
cated by said thermocouples fo thereby ascertain 
and record the minimum temperature within said 
0 region. 
5. In apparatus for determining and recording 
conditions in analytical distillation apparatus 
having a fractionating column supplied with 
vapors at its lower end and cooled at its upper 
«5 end, with vapor exit means ai ifs upper end, sald 
column having near its upper end a minimum 
temperature point of vapor condensation sus- 
ceptible of variation within a limited region, a 
thermocouple in said region of variation of the 
7O minimtun temperature point, means operable 
from said thermocouple for controlling the rate 
of distfllation from said column, a plurality of 
independent spaced thermocouples within said 
region of variation of the minimum temperature 
[ point including thermocouples positioned above 
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and below the said control thermocouple, and 
means for successively and cyclically recording 
the temperatures indicated by said independent 
thermocouples to thereby ascertain and record 
the minimum temperature within said region. 
6. In apparatus ïor determining and record- 
ing conditions in analytical distfllation apparatus 
having a fractionating column supplied with 
vapors at its lower end and cooled at its upper 
end, with vapor exit means at its upper end, said 
column having near its upper end a minimum 
temperature point of vapor condensation sus- 
ceptible of variation within a limited region, a 
thermocouple in said region of variation of the 
minimum temperature point, neans operable 
from said thermocouple for controlling the rate 
of distfllation from said column, a plurality of 
independent spaced thermocouples ¢ithin said 
region of variation of the minimum temperature 
point including thermocouples positioned above 
and below the said control thermocouple, record- 
ing means comprising a continuous traveling 
record receiving sheet and a single recording de- 
vice for producing a temperature record there- 
upon, and means ïor successively and cyclically 
operating said recording device from said inde- 

10 
pendent spaced thermocouples whereby a single 
continuous temperature record is ruade there- 
from of the temperature hand encompassed by 
said thermocouples, one margin of said hand 
5 dicating the minimum temperatures within said 
zone. 
WALTER J. PODBIET_aNIAK. 
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